We present a census of the population of deeply embedded young stellar objects (YSOs) in the Perseus molecular cloud complex based on a combination of Spitzer Space Telescope mid-infrared data from the "Cores to Disks" (c2d) legacy team and JCMT/SCUBA submillimeter maps from the COMPLETE team. The mid-infrared sources detected at 24 µm and having ′′ . The equal number of SCUBA cores with and without embedded YSOs suggests that the time scale for the evolution through the dense prestellar stages, where the cores are recognized in the submillimeter maps and have central densities of 5 × 10 4 − 1 × 10 5 cm −3 , is similar to the time scale for the embedded protostellar stages. The current star formation efficiency of cores is estimated to be approximately
10-15%. In contrast, the star formation efficiency averaged over the cloud life time and compared to the total cloud mass is only a few percent, reflecting also the efficiency in assembling cloud material into the dense cores actually forming stars.
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Introduction
Any theory of low-mass star formation should not only be able to make predictions for one characteristic stage such as the core mass spectrum in molecular clouds or the initial mass function of emerging stars -but also relate those through both pre-and protostellar stages. A number of the very basic questions of star formation still remain unanswered and debated (see, e.g., Di , Ward-Thompson et al. (2006) and BallesterosParedes et al. (2006) for recent reviews and discussions of both observational and theoretical studies), which can be addressed with large homogeneous surveys from mid-infrared through (sub)millimeter wavelengths and well-defined lists of sources such as those presented in this paper. For example, is the star formation process highly dynamical with cores being transient phenomena in a turbulent medium and are protostars only accreting in short periods of time when "passing by" these dense environments (i.e., Bondi-Hoyle accretion)? Or is low-mass star formation a more slowly evolving process as preferred in traditional ambipolar diffusion scenarios and in that case, how important are other effects such as turbulence in regulating the speed by which the process occurs? How efficient is the star formation process in turning prestellar dust and gas into young stars? Are there specific relationships between the natal prestellar cores and the emerging protostars, for example: do the properties of prestellar cores reflect in whether a given core actually forms a star and perhaps whether it forms a single or multiple system? Many of these discussions hinge on statistical arguments, for example estimates of the evolutionary rate of protostars through counts of the number of YSOs in different stages. Previous studies of the deeply embedded stages were hampered by low sensitivity single element (sub)millimeter receivers and confusion in low resolution, low sensitivity infrared observations such as those from the IRAS and ISO satellites. In the last few years systematic, detailed surveys of larger regions have been made possible using wide area imaging at high resolution and sensitivity using submillimeter telescopes such as the JCMT with SCUBA and mid-infrared telescopes including the Spitzer Space Telescope and its Infrared Array Camera (IRAC) and Multiband Imaging Photometer (MIPS). In this paper we present a census of the deeply embedded low-mass protostars in the Perseus molecular cloud utilizing recently obtained large scale Spitzer/c2d (Jørgensen et al. 2006; Rebull et al. 2006 ) and JCMT/SCUBA maps and discuss some of the strong constraints for theories of low-mass star formation emerging from these homogeneous datasets.
The earliest, most deeply embedded stages of low-mass protostars or the latest stages of prestellar cores close to the onset of collapse are important for insight into the physical conditions regulating low-mass star formation. Approaching the problem from the prestellar stages, continuum observations provide strong constraints on the distribution of dust, and through inference the gas, in star forming regions. In particular, large scale mapping with submillimeter and millimeter wavelength continuum bolometers (e.g., Motte et al. 1998; Johnstone et al. 2000 Johnstone et al. , 2004 Hatchell et al. 2005; Enoch et al. 2006; Kirk et al. 2006; Young et al. 2006 ) have enabled relatively unbiased tabulations of dust condensations that either just have or are likely to form protostars. The distribution of dust emission can also be used to infer the column density distribution of the dust in both pre-and protostellar cores and from there potentially derive self-consistent density and temperature distributions through detailed radiative transfer modeling (e.g., Hogerheijde & Sandell 2000; Evans et al. 2001; Jørgensen et al. 2002; Shirley et al. 2002) . Alternatively, observed parameters such as peak flux or size can be used as empirical diagnostics to estimate which cores will undergo collapse (e.g., Johnstone et al. 2000; Kirk et al. 2006 ).
The dust continuum maps themselves do not answer the question whether a given core already has formed a central protostar: for that deep mid-infrared observations are needed. Furthermore mid-infrared observations are important as an evolutionary indicator once the protostar itself has formed: its infrared excess, spectral slope in the mid-infrared range or combination of colors are typically used to distinguish between objects in different stages (e.g., Lada 1987; Greene et al. 1994; Allen et al. 2004) . Still, the infrared colors themselves do not provide an unambiguous mapping to object type and/or evolutionary status. Deeply embedded YSOs for example share many of the same SED characteristics as more evolved edge-on disk systems. Also, since the most deeply embedded YSOs emit a significant fraction of their luminosity at far-infrared and submillimeter wavelengths (Class 0 objects are for example observationally defined as objects emitting more than 0.5% of their total luminosity at wavelengths longer than 350 µm; e.g., André et al. (1993 André et al. ( , 2000 ) establishing their full SEDs through these wavelengths is important. All of these issues illustrate the importance of combining submillimeter and mid-infrared observations as is done in this paper.
The Spitzer Space Telescope "From Molecular Cores to Planet Forming Disks (Cores to Disks; c2d)" legacy team (Evans et al. 2003) has surveyed 5 of the nearby star forming clouds using the mid-infrared cameras, IRAC and MIPS, with the aim of characterizing the ongoing star formation in each. The "Coordinated Molecular Probe Line Extinction Thermal Emission (COMPLETE)" survey of star forming regions (Goodman et al. 2004; Ridge et al. 2006 ) collect data for the three northern of these regions in a range of molecular lines, extinction and dust continuum. In this paper we combine the information from the c2d and COMPLETE surveys of Perseus 1 . Perseus is a good test case for such a comparison with a large number of YSOs in different environments from large clusters such as NGC 1333 and IC 348 to objects in relative isolation or in small groups like L1448, L1455, Barnard 1 and Barnard 5. This paper builds on the analysis of Perseus through Spitzer (Jørgensen et al. 2006; Rebull et al. 2006 ) and JCMT/SCUBA observations by examining the relation between SCUBA cores and Spitzer sources and thereby building a sample of deeply embedded objects. The paper is laid out as follows: §2 first examines the general association of mid-infrared sources and the SCUBA cores, the mid-infrared colors of the sources found to be embedded in SCUBA cores ( §2.1) and the properties of the SCUBA cores with embedded mid-infrared sources ( §2.2). §3 examines the properties of the embedded sources compared to the overall cloud environment in terms of extinction ( §3.1) and submillimeter flux ( §3.2). The results of §2 and §3 are combined and an unbiased sample of deeply embedded protostars in Perseus is established. §4 presents the sample of sources ( §4.1) and points to a number of important observational constraints for models of star formation, in particular in terms of dispersal of newly formed protostars ( §4.3.1), time scales for the evolution through the prestellar stages ( §4.3.2) and the star formation efficiency ( §4.3.3). The results in this paper will also serve as an important path-finder for comparisons to other clouds surveyed at both mid-infrared and submillimeter wavelengths.
Mid-infrared sources associated with dense cores
The first task in building up an unbiased list of embedded YSOs is to define what is meant by an association between a mid-infrared source and a submillimeter core. For this we first explore the distribution of mid-infrared Spitzer sources in comparison to the dust condensations seen in the SCUBA maps. In this section we consider the distribution and properties of the nearest MIPS 24 µm source to each submillimeter core and use these to draw general conclusions about the properties of the embedded mid-infrared sources. In §3.2 we turn the table and consider the properties of all the MIPS 24 µm sources in the catalog.
Deeply embedded YSOs are expected to have a steeply rising SED from the IRAC 1 Throughout this paper we follow the Spitzer/c2d papers and adopt a distance of 250 pc to Perseus (see discussion in Enoch et al. (2006) ).
through MIPS wavelengths due to the cold envelope emitting at longer wavelengths while absorbing and reprocessing emission from the central star+disk system at shorter wavelengths. We therefore expect any deeply embedded YSO detected at the IRAC wavelengths also to be detected at 24 µm whereas the inverse may not be true. The Class 0 protostar IRAS 16293-2422 is for example seen in IRS observations at 23-35 µm ) (and likewise in more sensitive MIPS observations) but not at the IRAC wavelengths. As a first try we therefore examine the relationship between MIPS 24 µm sources from the c2d observations (Rebull et al. 2006 ) and the SCUBA cores from the list of Kirk et al. (2006) and H. Kirk et al. (in prep.) 2 . The one place where this may be problematic is in regions where the 24 µm maps are confused or bright emission saturates the images. We will return to these issues later in this section. Many of the studied sources are also detected at longer wavelengths by MIPS at 70 and 160 µm where the SED of a typical embedded protostar peaks. On the other hand, these longer wavelength observations are less sensitive, more likely to be saturated and provide a lower angular resolution, and are therefore less useful for identifying individual objects in an unbiased sense (as is the goal of this paper), especially in confused regions. For establishing the full SEDs of individual objects these data are important of course. In the following we will refer to the sources detected at 24 µm with MIPS as "MIPS sources".
One concern is how big the contamination of background sources is and whether these are confused with the YSO population. Based on comparison to the extra-galactic SWIRE data, Rebull et al. (2006) find that most of the MIPS sources are background galaxies. Still, the surface density of MIPS sources in the Perseus field is low enough that given a random spatial distribution only 0.2 sources would be found within any 1 arcminute 2 -or likewise that the probability of a chance alignment within 15 ′′ of a given SCUBA core is just a few percent. Fig. 1 shows the distribution of mid-infrared MIPS sources and submillimeter SCUBA cores overlaid on SCUBA maps in a few of prominent regions of Perseus. A number of the SCUBA cores are associated with mid-infrared sources within rather small distances. Significant clustering is also seen in other manners, for example the clustering of the submillimeter cores or the mid-infrared sources by themselves. In this paper we only focus on the association of the mid-infrared sources with the submillimeter cores. Of the 72 cores from the SCUBA map, 36 (50%) are found to have a MIPS counterpart within 15 ′′ of the peak (31, or 43%, have a MIPS source within 10 ′′ ). At the resolution of the Spitzer/MIPS 24 µm and SCUBA observations (approximately 6 ′′ and 15 ′′ , respectively) it appears that most of the SCUBA cores are associated with one MIPS source only (Table 1) . Kirk et al. (2006) defined the radius of each SCUBA core as R obs = A/π where A is the area of the core at the lowest contour identified by the Clumpfind algorithm (Williams et al. 1994) . The typical core radii defined in this way range from approximately 15-45 ′′ (3,750-11,250 AU). Fig. 2 shows the distribution of MIPS sources around the center of any given core in units of the radius of each core defined by Kirk et al. -and Fig. 3 illustrates the same relationship as a one dimensional distribution as a function of radius. The red mid-infrared sources are located close to the centers of the submillimeter cores, typically within about 0.5 core radii (significantly more peaked than a random distribution of sources) with a distribution with a full width half maximum of a few tenths of a core radius (or ≈ 10 ′′ ). In §3.2 we discuss the properties of the red mid-infrared sources with larger separations. There is a caveat worth mentioning here: is the nearest submillimeter core to each YSO really its parental core? Three effects could come into play: (1) projection effects might play a role with some SCUBA cores and mid-infrared sources simply being chance alignments, (2) the motion of the YSOs with respect to their surroundings could be significant making it possible for sources to travel to the vicinity of different clumps, and (3) the parental core of a given YSO could have been dissipated during the evolution of the YSO. The low surface density of all the MIPS sources argue against the first being a significant effect (see the lower panel of Fig. 2 ) while the absence of sources with red colors, [3.6] − [4.5] > 1, outside the cores and the narrowness of the distribution of their source-core separations argue against the latter two points. In any case in the above plots (and the discussion in the following sections) each mid-infrared source is only counted once -even though a given mid-infrared source in a few cases is the nearest neighbor to multiple SCUBA cores.
Properties of the MIPS sources
Not only are the red MIPS sources located close to the center of the submillimeter cores, but an interesting trend is also seen with their colors. It is found that the sources within one core radius have red ′′ to the nearest submillimeter core: inspection of the submillimeter maps reveal clear extended dust continuum emission at this position which is not identified as a core due to confusion. Another red MIPS source with a large separation of 31
′′ is seen from visual inspection of the IRAC and MIPS images to be located close to the L1448-IRS2 outflow. The MIPS source is likely to be a chance alignment and its red [3.6]−[4.5] colors just a result of (unrelated) shocked H 2 emission in the L1448-IRS2 outflow, showing up prominently at 4.5 µm. This source is excluded from the sample in the following discussions.
Each source in the c2d catalogs is classified with the aim of separating stars, YSO candidates and other sources (mainly background galaxies) according to cuts in the IRAC and MIPS color planes (Evans et al. 2005) . In this way Jørgensen et al. (2006) identified 400 candidate YSOs in the 3.86 degree 2 of Perseus covered by the IRAC observations. Not all the 39 MIPS sources (within 15 ′′ of one of the 36 submillimeter cores with embedded YSOs) were included in that list, however. As a first cut the high quality catalog used in Jørgensen et al. (2006) exclude all sources that appear extended in one or more IRAC bands as such sources have less reliable photometry. As discussed in Jørgensen et al. this is an issue for the embedded YSOs, in particular, since they often appear extended in one or more of the IRAC images, either due to H 2 emission from shocks in the outflows or scattered light at the IRAC wavelengths. Of the 39 MIPS sources discussed above, 18 show extended emission and are excluded from the list of objects studied by Jørgensen et al.
In addition, the classification of YSOs described in Evans et al. (2005) relies on detection in at least three bands (of the four IRAC bands and MIPS 24 µm) and very deeply embedded YSOs may therefore not be picked out by these criteria if they for example are too faint at the shortest IRAC wavelengths. Of the 39 MIPS sources discussed above, 29 (74%) were classified as YSOs based on their colors. Of the remaining objects, two are only detected at 24 µm but not the shorter IRAC wavelengths, while the remaining eight are found to have red SEDs (three times stronger MIPS flux than flux at nearest IRAC wavelength), but do not fulfill the YSO criteria used in Jørgensen et al. (2006) . Of the 29 MIPS sources that are candidate YSOs based on their colors, 17 show extended emission in one or more IRAC bands and only the remaining 12 are therefore included in the sample of YSOs in Jørgensen et al. (2006) . In summary, the embedded YSOs from this paper should be added to the general list of YSOs in Perseus from Jørgensen et al. -about two out of three of the embedded YSOs did not make it into that list.
Properties of the cores
It is interesting to investigate whether the submillimeter cores with embedded red sources have distinct properties compared to those without, in particular to distinguish the starless from the star forming cores based on the submillimeter maps by themselves. A promising empirical characteristic of cores appear to be their concentration:
where B is the beam size, S 850 the total flux from the SCUBA observations at 850 µm, R obs the measured radius and f 0 the peak flux. From comparison between SCUBA maps and optical and near-infrared images of shocks in the Barnard 1 region, Walawender et al. (2005) found that all the SCUBA cores with concentrations > 0.75 contained protostars with a decreasing fraction with lower concentrations and none of the cores with concentrations < 0.4 having embedded protostars. Walawender et al. (2006) and have extended this reasoning to IC 348 and Orion A South, respectively. Fig. 7 and 8 compare the number of cores with a given concentration and total 850 µm flux with embedded YSOs to the total number of cores. There is a trend in that most cores with concentrations higher than 0.6 have embedded YSOs. A number of effects could cause this empirical distinction: as the concentration is a measure of the brightness distribution of the submillimeter emission it will be affected by the formation of a central protostar, i.e., an object with an internal source of heating will show more emission toward the center and therefore appear more concentrated. Also, just considering prestellar cores: with the above definition BonnorEbert spheres stable against collapse have C < 0.72 (Johnstone et al. 2000) , whereas cores with higher concentrations are either collapsing or require support from other mechanisms (e.g., magnetic fields) in addition to the thermal support. Still, even a highly centrally condensed prestellar core such as L1544 (e.g., Evans et al. 2001; Crapsi et al. 2005 ) has a concentration of ≈ 0.5 estimated from SCUBA maps of the core and would therefore not fall into the above group of objects.
There also seems to be a distinction between the SCUBA cores with and without embedded YSOs in terms of their total submillimeter flux. We find that 80% of the starless cores have fluxes lower than 2 Jy (see also Table 2) although the trend is not as clear cut as for the concentrations. As for the concentrations, it is interesting to note that a number of the cores with embedded YSOs do have low fluxes. If the cores all had the same dust temperatures the trend would imply an evolution with core mass. In cores with embedded YSOs the dust temperature will be higher due to the heating by the central protostar and the mass lower than the mass of a comparable starless core with similar flux. Since most starless cores have fluxes lower than 2-3 Jy (or masses lower than 1-1.5 M ⊙ ), this is not a significant effect. No clear trend in any of these parameters are seen for the cores with multiple embedded mid-infrared sources (Table 1) compared to the overall sample of cores with only one embedded source.
Four SCUBA cores with concentrations larger than 0.6 do not have any embedded MIPS sources from the criteria above. One example is NGC 1333-IRAS2A, a well-studied Class 0 protostar which is clearly identified but saturated in the MIPS 24 µm images. At the IRAC wavelengths extended emission from its jet is seen, causing its photometry to be unreliable similar to the problems of other Class 0 objects (Jørgensen et al. 2006) . Furthermore its companion NGC 1333-IRAS2B (separation of 30 ′′ ) is clearly identified as a YSO at all four IRAC bands and MIPS, but its SCUBA flux is dominated by the emission from IRAS2A. Similar issues are also seen for the remaining SCUBA cores with high concentrations, which are associated with the previously known infrared sources, IRAS 03255+3103, NGC 1333-SVS12 and -SVS13. None of the remaining starless cores (i.e., cores with no associated mid-infrared sources) with concentrations less than 0.6 are found to have embedded YSOs from visual inspection of the MIPS and IRAC images.
Again, this poses the problem of whether there are more sources with IRAC detections and red colors but no MIPS detections. Besides the saturation issue of MIPS, this could also be the case in regions where the sources are confused at the slightly worse MIPS resolution. Only seven red sources are found with [3.6] − [4.5] colors greater than 1.0 and no MIPS counterpart. These include the sources in the cores discussed above, a shock knot associated with the NGC 1333-IRAS4A outflow, three fainter companions to strong MIPS sources and a faint (mJy level) IRAC source in a dust condensation southeast of L1448. So generally, it appears that the MIPS detection requirement is useful to identify embedded YSOs -although confusion might arise in regions of many bright MIPS sources.
In summary, the submillimeter cores with concentrations higher than 0.6 are all star forming with a decreasing trend toward lower concentrations, but it is worth noting that a number of low concentration/flux cores do have embedded YSOs, so this distinction is not unique. In §4.1 we use these results together with the results concerning the spatial distribution of embedded YSOs and their colors from the above discussions to establish an unbiased list of embedded YSOs.
Comparison to the overall cloud environment

Extinction as a tracer
The submillimeter cores are in general found in regions of high extinction (Enoch et al. 2006; Kirk et al. 2006) suggesting an extinction threshold for the formation of the dust cores (see also Johnstone et al. 2004) . A similar trend is seen when comparing the location of the mid-infrared sources to the extinction maps from COMPLETE (Alves & Lombardi 2006; Kirk et al. 2006 ): Fig. 9 shows the cumulative distribution of red MIPS sources as a function of A V . From this figure it is found that 90% of the YSOs with [3.6] − [4.5] > 2 are at A V > 5, which is similar to the extinction threshold for the cores in Perseus (Enoch et al. 2006; Kirk et al. 2006) , as one would expect from the relation between the dense cores and the embedded YSOs. This of course also begs the question: are the observed trends in colors simply reflecting the overall cloud extinction toward the low-mass protostars? It is unlikely since even a fairly high amount of extinction only produces a small shift in [3.6]−[4.5] colors: according to the extinction measurements of Huard et al. (2006) for an A V = 50 (A K = 5.6) a shift of E [3.6]−[4.5] = 0.36 is expected. This is also similar to the conclusion of studies examining the properties of young stellar objects in color-color diagrams (e.g., Allen et al. 2004 ) which generally find that the young stellar objects have infrared excesses that cannot be explained by the extinction from the cloud material, but rather are due to a combination of the extinction in the inner parts of the protostellar envelopes and emission from warm dust in the envelope and disk. 
Submillimeter flux as a tracer
The discussion in §2 was based on the question "what is the nearest MIPS source to any given SCUBA core?". To fully address the completeness of this method we also have to ask the inverse question: "what is the distance for any given red source to its nearest submillimeter core?". Fig. 10 and 11 ′′ to their nearest cores. This does not mean that these red objects are not associated with high levels of extinction. −1 (90% of the red sources), corresponding to an extinction A V 7 for a dust temperature of 15 K and an 850 µm dust opacity per unit total (dust+gas) mass of 0.0182 cm 2 g −1 (Ossenkopf & Henning 1994) . In effect, the amount of extinction will be lower for protostars which are heating their envelopes to higher temperatures, but on the other hand, since high amounts of extinction are required to explain the very red colors, the actual central extinction is significantly higher than that calculated on basis of the SCUBA flux due to beam dilution. It should also be contrasted to the average extinction from the extinction maps ( §3.1) which measures the larger scale structure of the cloud. Young et al. 2006) . Still, by imposing the color criteria above, it is possible to pick out the remaining YSO candidates which are missed due to the lack of a core extracted from the submillimeter maps for those reasons. 
B. MIPS catalog sources with distances less than 15
′′ to their nearest core (39 sources).
C. Submillimeter cores with concentrations higher than 0.6 (21 sources).
The first criterion will select all MIPS sources that are embedded YSOs, but miss sources that are not detected in IRAC bands 1 or 2 -either due to confusion with outflows or simply because they in fact are very deeply embedded. That list will also include sources which are not necessarily directly associated with a submillimeter core due to confusion in the submillimeter map, poorly defined cores, or simply the sensitivity of the submillimeter observations. The second criterion will select the most deeply embedded YSOs with steeply increasing SEDs like IRAS 16293-2422 . As pointed out in §2.1 most of the sources selected by these first two criteria will be overlapping but will miss sources that are saturated at 24 µm. Such sources will be selected by the third criterion, which does not include all the mid-infrared sources under A and B as shown in Fig. 7 . Neither the mid-infrared source lists nor the submillimeter core identifications by themselves can be used unambiguously to define a sample of embedded objects. Applying for example only criterion A which is based solely on the mid-infrared colors or criterion C which is based solely on the submillimeter maps would pick out only 40-50% of the sources, but used in conjunction they will form a relatively unbiased list of YSOs complete down to the resolution of the mid-infrared data. It should also be emphasized that these YSOs constitute an important addition of embedded sources to the list of YSOs discussed in Jørgensen et al. (2006) although they only constitute a small fraction (≈ 10%) of the overall YSO population in the cloud.
Colors of deeply embedded protostars
It is interesting to examine whether there is any evolution of the colors of the embedded YSOs compared to the properties of their parental cores. For example do the more massive a Coordinates given in format of (hh mm ss.ss) for right ascension and (dd mm ss.s) for declination. Coordinates for sources selected on basis of the core concentration only (code "C") refer to position of SCUBA core. b Separation between the mid-infrared source and the nearest submillimeter core.
c Concentration of submillimeter core from Kirk et al. (2006) .
d Code for selection of source according to which of the criteria (A, B, or C) in §4.1 applies for the given source. Sources included in the list of Jørgensen et al. (2006) are furthermore identified by "*". Cores associated with multiple YSOs (within 15 ′′ ) in Table 1 is furthermore identified by a "2" in this code. e Refers to main designation in the SIMBAD database, commonly used identifier or association (marked "ass."). Specific references: [TPB97]: Tapia et al. (1997) , [LMG94]: Ladd et al. (1994) . f c2d catalog refers to position of bright shock observed in the IRAC bands.
cores generally have more deeply embedded protostars with redder mid-infrared colors? As shown in Fig. 8 , cores with stronger submillimeter fluxes all have embedded sources but a significant number of "fainter" cores also appear to be forming stars. That we actually detect a significant fraction of the deeply embedded protostars might again reflect that the envelopes have larger cleared out cavities similar to the case of IRAS 16293-2422A , in contrast to the assumption of the models of Whitney et al. (2003) which extend into 7 stellar radii. At such small inner radii, the mid-infrared emission from the central protostar would be completely absorbed by the surrounding envelope and the object not detectable at the IRAC wavelengths. The fact that most of these sources are detectable at 3.6 and 4.5 µm suggest that this is not the case and [3.6] − [4.5] color therefore is a potentially interesting diagnostic of the properties of the disks and inner envelopes of deeply embedded protostars.
Constraints on star formation
As pointed out in the introduction many important constraints on low-mass star formation hinge on statistical arguments such as using the relative number of pre-and protostellar cores to estimate their lifetimes. Previous studies have often been based on compilations of different surveys not necessarily observed under similar conditions or with the same techniques and have often required the combination of data for many clouds to obtain statistically meaningful samples. The strength of the combination of the Spitzer and SCUBA data presented in this paper is that it represents a relatively uniform survey of just one cloud and still has enough cores and protostars that strong statements can be made without many of the caveats introduced otherwise. We here discuss the constraints on three important aspects of low-mass star formation introduced by this study.
Motions and dispersal of protostars
One of the debated issues in current theories of star formation is the importance of the motions of embedded YSOs through the medium on their accretion rates, i.e., basically whether Bondi-Hoyle accretion (Bondi & Hoyle 1944) applies. The simulations of Bonnell et al. (1997 Bonnell et al. ( , 2001 ) and Bate et al. (2003) for example show that the motions of the embedded YSOs through their ambient medium will have a significant impact on their accretion histories and thereby the resulting distribution of YSOs as a function of mass. On the other hand based on a study of locations of YSOs in different evolutionary stages from Taurus, Hartmann (2002) argues that the velocity dispersion of the YSOs once formed is small 0.2 km s −1 . The narrowness of the distribution of separations between the mid-infrared sources and submillimeter cores (Fig. 3) indicates that the dispersal of newly formed stars in Perseus is similar to that in Taurus.
As shown in Fig. 3 the typical separations between the mid-infrared sources and submillimeter cores are less than l ≈ 10 ′′ . Assuming a typical lifetime of the deeply embedded protostars of t = 10 5 years, the velocity dispersion is: cloud with a temperature of 10-15 K. Walsh et al. (2004) examined the motions of dense cores traced by N 2 H + J = 1 − 0 emission with respect to less dense ambient envelopes traced by 13 CO and C 18 O J = 1 − 0. They found only small velocity differences between the "cores" and "envelopes", which they took as evidence that dense cores did not have significant velocities with respect to their surroundings. Ayliffe et al. (2006) examined the models of Bate et al. (2003) using a similar approach as that in Walsh et al. (2004) and also found small velocities of the cores relative to their lower density ambient envelopes. It therefore appears that those simulations are not invalidated by the observations of Walsh et al. What is shown by this analysis, however, is that the newly formed stars still embedded within their parental cores also do not have highly supersonic velocities and therefore do not seem to travel a substantial distance during their main accretion phase. It is also interesting to note the similarity to Taurus: even though Taurus is thought to be forming low-mass stars in a more quiescent fashion compared to Perseus, the velocity dispersions are very similar and significantly below the 1 km s −1 virial speeds inferred in models of protostars accreting while moving through the molecular cloud (and halting accretion when "leaving" the densest regions).
Time scales
This study finds that approximately half the SCUBA cores from the study of Kirk et al. (2006) have embedded YSOs. This suggests that the dissipation time scale of the cores once a protostar has been formed is similar to the time scale over which the cores evolve through the part of the prestellar stage observable by the SCUBA studies. Lee & Myers (1999) studied a sample of optically identified cores and found that only 24% had embedded YSOs, which would imply a time scale for their optically identified, starless cores three times longer than the duration of the protostellar stage. A comparison between the numbers from this study and those of Lee & Myers therefore suggests that the SCUBA maps only detect the denser stages in the evolution of prestellar cores whereas the sample of optically identified cores by Lee & Myers also includes less evolved cores. In a study of more dense NH 3 cores, Jijina et al. (1999) found that the ratio of starless to stellar cores were close to unity or lower in a wide range of environments, likewise implying similar time scales for the evolution through the preand protostellar stages. Kirk et al. (2005) observed a large sample of 52 starless NH 3 cores with SCUBA and found that the cores which were bright at submillimeter wavelengths (i.e., having peak 850 µm flux densities larger than 170 mJy beam −1 ) constituted approximately half of the cores detected by SCUBA -and that the cores detected with SCUBA constituted approximately half of all the studied NH 3 cores. Comparison across such different samples should naturally be treated with care dealing with systematic uncertainties, selection effects, etc. The big strength of the sample forming the basis of this paper is again that the sources are selected from one large scale systematic and relatively unbiased set of observations with uniform sensitivity.
Assuming a typical lifetime of the deeply embedded stages studied here of 1×10 5 years, 3 the total duration of the starless core stage would be 3 × 10 5 years -with the SCUBA maps revealing the last 1 × 10 5 years of this evolution where the central density increases above 5 × 10 4 − 1 × 10 5 cm −3 (J. Kirk et al. 2005 . As pointed out by Lee & 3 Ward-Thompson et al. (2006) quote a best estimate of the time scale of the evolution of YSOs through the embedded phases of 2 ± 1 × 10 5 years from previous studies -which includes parts of the "less embedded" Class I stages where the cores associated with the YSOs are not picked up by the SCUBA surveys.
Myers these time scales are significantly shorter than those for typical ambipolar diffusion models unless the cores are marginally subcritical (Ciolek & Basu 2001) . They are similar to the time scale for depletion in protostellar cores of 10 5±0.5 years derived by Jørgensen et al. (2005) based on the measurements of chemical profiles of pre-and protostellar cores -again suggesting that the SCUBA dust condensations reflect the stage of prestellar cores where the density is high and significant depletion can start to occur.
We can naturally also compare these numbers to the time scales for the later stages of protostellar evolution. As pointed out above the objects identified here represent YSOs in their first 10 5 years of evolution and are an important addition to the sample of Jørgensen et al. (2006) . That study was missing some of these deeply embedded objects but more complete in terms of evolved Class I and Class II objects which evolve over time scales of approximately 10 6 years. The number of sources in this list compared to those of Jørgensen et al. (2006) appears to be consistent with the ratio between those time scales of about 10:1 -or alternatively if we accept those time scales as "known": that star formation in Perseus has occurred at a fairly constant rate continuing to current times.
Star formation efficiency
We can take the arguments a step further and estimate the star formation efficiency of the submillimeter cores and the entire cloud complex. Given the amount of mass in each core from the submillimeter observations the star formation efficiency can be estimated:
where M YSO is the mass of the new formed stars and M core the mass of the cores. The total mass of the 72 SCUBA cores in the Perseus cloud was found to be M core =106 M ⊙ ) and counting only those YSOs within 15 ′′ of one of these submillimeter cores we find 43 YSOs. Assuming that the masses of the newly formed stars are 0.3-0.5 M ⊙ , the star formation efficiency for the entire Perseus cloud complex is estimated to be ≈ 10-15%. This is comparable to the star formation efficiency of nearby embedded clusters (Lada & Lada 2003) . Approximately half of the total core mass in the cloud resides in the cores in NGC 1333, but doing the same calculation as above the star formation efficiency for just those cores is found to be similar to the value for the entire cloud. This again implies that significant star formation is currently occurring in the cores "outside" the main NGC 1333 and IC 348 clusters -in the dense regions associated with L1448, L1455, Barnard 1 and Barnard 5 amongst others -similar to the conclusion of Jørgensen et al. (2006) . It should be noted that the mass estimates are sensitive to the assumptions about the dust temperature and the dust opacities and to the observational techniques being more or less sensitive to extended structure, for example.
The star formation efficiency quoted above is an estimate of the current core star formation efficiency and does not represent the actual efficiency of assembling the cores from the overall cloud environment: As pointed out by Kirk et al. (2006) (see also Johnstone et al. (2004) for a similar result for the Ophiuchus molecular cloud complex) only a small fraction (< 0.5%) of the total cloud mass resides in these dense cores with the main fraction (> 85%) of the cloud mass from the extinction maps (≈ 18,500 M ⊙ ; Kirk et al. (2006) ) distributed at low A V < 5. That number cannot be compared to the current mass of deeply embedded protostars from this analysis: a high number of young stellar objects have already formed in the Perseus molecular cloud with for example Jørgensen et al. (2006) identifying a "high quality" sample of 400 YSOs of Class II or earlier. These Spitzer observations are furthermore not picking out a significant number of more evolved, i.e., Class III YSOs with smaller amount of infrared excesses. With these higher number of YSOs distributed over all evolutionary stages and the total cloud mass, the time averaged star formation efficiency over the entire evolution of the cloud until present time is probably closer to a few percent, which includes the efficiency of assembling cores from the overall cloud dust mass in the first place and subsequently the efficiency of these cores actually forming stars. In this context it should also be emphasized that the observed mass distribution of SCUBA core masses is a current snapshot of potentially star forming cores. With their lifetimes of about 10 5 years (Sect. 4.3.2) it is not unreasonable to expect that at least 10 times as many cores have previously existed in the cloud and formed what are currently observed as Class II and III young stellar objects.
Conclusions
This paper has presented a comparison between the dust condensations from SCUBA maps and mid-infrared sources from Spitzer observations. This study represents a large systematic census of the embedded YSO population and thereby allows statements from a large sample of sources. The main conclusions of this paper are:
1. The mid-infrared sources with 24 µm detections and red colors are found to be located close to the center of the SCUBA cores mapped by Kirk et al. (2006) 2. All the SCUBA cores with high "concentrations" have embedded YSOs, but also a non-negligible number of cores with low concentrations have embedded YSOs making this distinction ambiguous. A few of the strongest sources in NGC 1333 are not picked up by the above criteria described under point 1. -due to saturation and confusion. The cores associated with those sources can be picked out by their high concentrations and submillimeter fluxes.
3. From the above considerations a relatively unbiased sample of deeply embedded YSOs can be constructed. In this fashion we identify 49 embedded YSOs associated with SCUBA cores from the list of Kirk et al. (2006) . Out of 72 SCUBA cores 40 are found to have associated MIPS sources (including four cores which associated with saturated MIPS sources not included in the c2d catalog). Only 3 SCUBA cores are found to have more than one MIPS sources within 15 ′′ .
4. The narrowness of the spatial distribution of red sources within the SCUBA cores suggests that the velocities of the newly formed protostars relative to the cores are low -close to the isothermal sound speed. This argues against the suggestion that the motions of protostars relative to the ambient cloud regulates the time scale over which significant accretion can occur.
5. From the number of SCUBA cores with and without embedded YSOs (40 and 32, respectively) the time scale of the evolution through the dense prestellar stages, where the cores are recognized in the submillimeter maps and their central densities are larger than 5 × 10 4 − 1 × 10 5 cm −3 , is similar to the time scale for evolution through the embedded protostellar stages. This result further implies that the observable SCUBA core stage constitutes a third of the lifetime of less dense prestellar cores, e.g., those picked up in optical or NH 3 surveys. 6. The current star formation efficiency estimated from the mass of the embedded protostars and the SCUBA cores is found to be ≈ 10-15%, similar to the star formation efficiency of nearby embedded clusters. If we also take into account the efficiency of assembling the cores in the first place, the total star formation efficiency is only a few percent.
The survey presented in this paper places important constraints on the formation mechanisms, which should be taken into account in theoretical studies of low-mass star formation. Naturally many interesting problems remain which can be pursued using the results of this paper as a starting point: for example a more detailed characterization of the individual star forming cores (e.g., studying variations in dynamics from molecular line widths and/or chemical signatures) and of the embedded YSOs (e.g., their physical properties/evolutionary stage by completing their SEDs from near-infrared through (sub)mm wavelengths). It will also be interesting to test whether the criteria from this paper can be used to build comparable samples of starless and star-forming cores in other nearby clouds. This will test whether the differing physical conditions in different star-forming regions, such as the external pressure, affects whether a given core forms stars or not. This might for example reflect in a different value for the concentration above which all submillimeter cores in a given region is found to have embedded protostars. This paper will in that sense serve as a starting point for such studies and for similar censuses of other clouds surveyed at mid-infrared and (sub)millimeter wavelengths.
